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Biomass Estimation with a Hydroacoustic Survey and the Shrimp Beam
Trawl Fishery in Gwangyanh Bay in Summer

Inwoo Han, Wooseok Oh, Geunchang Park, Euna Yoon' and Kyounghoon Lee!*

Division of Fisheries Science, Chonnam National University, Yeosu 59626, Korea
'Department of Marine Technology, Chonnam National University, Yeosu 59626, Korea

This study conducted a survey using a sampling inspection method and acoustic technique for continuous monitor-
ing of useful organisms and non-commercial fish species distributed in the water of Gwangyang Bay, and evaluated
the marine resources. In June, 2018, 38 species were caught in the shrimp beam trawl, comprising 3,594 marine
organisms with a total weight was 65,415.3g. The acoustic survey showed that the nautical area scattering coefficient
(NASC; m*n.mile?) for the waters of Gwangyang Bay was highest in Transect 15 (1,655.5 m*/n.mile?) and lowest in
Transect 1 (1.3 m?/n.mile?). The biomass was estimated to be 2,634.9 tons in the acoustic survey. This indicates that
the acoustic survey method detected more fish shoals than the sampling inspection method.
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SAQkal & o AR Y] A4kt Aol Qloj A 7Y 2.3t
RO, X&EAQl At Ahmof 7|23 A ] B EF o]
Zasieh FAhE A Fofat el A ol Al Alolof] 91A]g
Tho 2 He AREA| 7 I E o] glom, gafere] Sl ¢
A5t Hh |21t ko] A% o]FiL ltk(Jang, 2016).
SF B IS Bt T ERE = 7| o ofF W e
A A 9] sAARS] Ho o] B EEEE 5 7IE Y
Ago] FHoP| el et A 2 4Rt g4ttt
(Kimetal., 2018). 5} ofuf e}, HX17} 72| Aol A FE] F5
e gorel 501§, 71 2AAIE0] 8 A0E el A 9ol £
< o] 27& ZhFol A thFgt of o] XYL §l= A e
2 4 A Ah(Yang et al., 2001; Jeong et al., 2005; Seo et al.,
2013). 92T o] & A1 ool B2 A 1E Aol
off Wt & F2tsto] A21E0 Q7 AAsHA oA A g
o]7LE g 9| ofAlo] AFE Fol UARE olYste oS

Rt B2 ool vl 1 o] A717F AobA oY A

of) = #o] ) 4|95 R} R o] 0] vl o] EX]uSlavin,
1982; Alverson etal., 1994), S0t A] ARg-0| 7}551H k4]
Q1 2AP} 7R el7] W] 2 A2 E ol 87 Al
7} @o] o] Fo]x] 11 9Jtk(Kim et al., 2003; Oh et al., 2009; Oh,
2010; Park et al., 2013).

2, 24} ol 78 o] 83 NS £ WStelA T4 9l
= o] EAsh 2 4] FaFoll whet of 7+ 2] 9] of o]
Ao, Aol B Sk AXH, A A o= o Fo]
Wk Ak A o) el W Wrke tA O R sk A= AR
o] W= 2A B 20| 7] HeIE|(Yang et al., 2014), 2/
S 719 AlaE" T oA 7 o HEH o= Qls, a el
Ot R E AT 5 Qlof A A E S lse BUE

=t o]-8-% 1 QItk(Hwang et al., 2015). o] gF SFS
o83t ZAMIH-L B Al7tol| Bl 5ol iRt A EE o
Uth= Aol slom, AMYES] =4 9 - 29t
thoFst AR S A& <= lth(Lawson et al., 2008; Cox et al.,
2011; Fielding et al., 2014).
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Fig. 1. The station in the (a) survey of shrimp beam trawl and the (b) survey line in the acoustic survey in June, 2018.

o] B o §3 2AE AN}l SHAZI ek 4 3]
o S8R W Y olFL TS, 4§ B S B9
AR AU UES 24 Sha Sk wE, Yopu
¥ ojolo] 0 Fo) BT B4S wjolsto] 712 A4 AR
Hole] Hols 5 47 W A Hrhe] 7|2 AT 4R R
AFE 4 ek,

Mz W A

24 7170 W 3o} 220181 6% ok Fslelol A % 47
AR 1, ol 21242, et 1ol ol ol gon, 41
2 of¢) 2415 F) oS ARskch. 2ARAE 132
kim?, 41 Zo] 67 mileo] 9.0, 24} BTk o] 5 Aoz &
apelol B2 4 Ala ek (Fig. 1). 442 A7) 24joll AHEE A1
0 0}70) ¥ ol 8 m, 4728 do] 165 m, BAF 1%
371 16 mm$ 20, A4 2 knot2 4712] Aol A 30%
2.8 Aleloich xS olgatol AU RE of3)
A] ofo] ut ol o] WA mkstel o, WAt
$A 2 SHIS} 0] 3 52 o] 7 (Kim et al., 2005), 112
ong et al., 2006), F+=5F(Choe et al., 1999)2 54 U
FE okolth olg=9] AE By oA e w Aok AT
o]-gsto] 1 mm7HA| S7g5k3l o n, T AAA = °]
o] 0.1 gEk9I7H] Z4elick, AU mt 2aR g of
o= Uephom, 925 o] ZolE B (m), dYLEE v
(m/sec), AGAI7E h (sec)d wf, A3HA A (m*)=B xvxh
£ ol&sto] AYHE d=g/A (FAF/m’) o2 LEHHTH(Cha
etal., 2012).
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Simrad, Norway)& ZAMAIEF] & 2o KHAls3 ), 383 120
KHz2| & Z0}4=0] 2152} 84S 712 ES38B-12, ES120-7C
2 A8, IAZL 512 ms, Ping 7HE-S 1%, AR Y
9] gAH = =4 0-100 m= At SFAAHLS A
242l glolg =4S H3ll A ++(Calibration sphere)E 0|8
shol £ 24} Aol 1AL HAIS 0B, SHE AT 541E
Q)af) A5 oF 10 knot& o]} & FE8}Ir). - EEofl = DGPS
(SPR-1400, Samyoung, Korea)?] $JA| AR} S3A2E A
4702 AR SEr AT F 15719 HAle) s 25
Bl

ARoA H5E SFAEE FA Y 2ZEY 0| (Echoview
V 8.0, Echoview Software Pty Ltd, Australia)& Al8-5}o] &
ASEGIt) ofto] 32 Wi afokS 9ol B S FAbRlA &
o= AASFAAL, ol Lol A =1 o2l S m7HA] O] =52
A 9] 5 m7HA| 9] 52 A LRt S ARE FESH] &
Askiet. of ot 0] Al F1E X 542 etol I A 7] 9
383} 120 kHz 2] A & AFH = (Sy, volume scattering strength)
£ o]&sto] A St on, AAA P e HA Y FE= ¢
gk o]afj o] of 3 ol F|Foll= AF 7HE ] HA SO =Z A
&&= HAAEA = (NASC, nautical area scattering coefficient,
m’/n.mile’) 2 HEFsto] ARgRIth 2 Ao A= Be 2t
A AZA)E ] glo]HE 1 nmile?] EDSU (elemen-
tary distance sampling unit) 7+2 0.2 ] E5}o] A AekA| 4=
& Hghe ghs ol 8skqinh AR e g NASC e =

HZESh= WA AR A1) (2)0fl LR Sit.

NASC=4 118522 /r’vadr
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NASC = o TS e (2)

Aol 1T} i 45 4 F7h0]8, Q) pi= Y
olch. $ WHHE ARt o}R0) AubHel WAAE T4
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AAL g 4= Qltk(Simmonds and MacLennan, 2005). tAfo] &
O] AZH(L, cm)©| W= WAL (TS, target strength)@} S-HFAF
AG)T @)% T

ZHehH 2 (0, backscattering cross section)=

= At
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Fig. 2. The estimation of biomass by acoustic survey of Gwang-
yang Bay.

Sleie] WA, m)e ool BEFS B7A5HsiTHlolly and
Hampton, 1990) (Fig. 2).

=
ANz 20T of 23k AE-E F 38%F, 3,5947H), FoF
654153 gol QT HRLL ol7} 28%, A7R 7%, FER

3502 olR7) 714 wskeh AlAe] 7S oj57} 447389
g (68.0%)= 1A 4% ol 7V Wekos), U2t 19,0376
g (29.1%), T2F 16388 g (2.5%) =02 A=} &
ofglgFol thet Zh #7<te] olF] Hle-Z Al A5 olF
7b L33TAAR 372%E AAISHA N, 12+ 2180714
(60.7%), F=55 T70A(2.1%) = 7H Aol A= 272 v&
o] 7Hg =3k tH(Table 1).

S QA A A WA S LR Table 25 HH 5 o8]
H A F oA FA A= BA-2] (Pennahia argentata)7} 15,315.6
g (23.4%)= 714 Wk om, S of(Okamejei kenojei) 8,419.7
g (12.9%), 55 *|(Nuchequula nuchalis) 4,073.9 g (6.2%), /3
(Chelidonichthys spinosus) 4,016.0 g (6.1%), &-=7|(Lar-
imichthys polyactis) 3,493.9 g (5.3%) <=o.2 Wtom, oF
O] A|F FE= F ol=TF F 68.4%0] ATt WA =2] 7%,
23] 5450H2)(15.2%), B3] 4040}2)(11.2%), H27] 137

Table 1. The individuals and biomass of taxon collected had used a shrimp beam trawl in Gwangyang Bay on June 2018

Taxon Number of species Individuals (n) Composition (%) Catch (g) Composition (%)
Fish 28 1,337 37.2 44,738.9 68.4
Crustacea 7 2,180 60.7 19,037.6 29.1
Cephalopoda 3 77 2.1 1,638.8 2.5
Total 38 3,5% 100.0 65,415.3 100.0




Table 2. The number of individuals (N) and weight (g) of fish species collected using shrimp beam trawl in Gwangyang Bay on June 2018

Loful 2 AR ZA}

o o u

v o

English name Scientific name - — Total — —
Weight (g) Composition (%) Individual (N) Composition (%)
Total 65,415.3 100.0 3,594 100.0
Fish 44,738.9 68.4 1,337 37.2
White croaker Pennahia argentata 15,315.6 234 404 11.2
Skate ray Okamejei kenojei 8,419.7 12.9 23 0.6
Slipmouth Nuchequula nuchalis 4,073.9 6.2 545 15.2
Bluefin searobin Chelidonichthys spinosus 4,016.0 6.1 36 1.0
Small yellow croaker Larimichthys polyactis 3,493.9 5.3 137 3.8
Marbled rockfish Sebastiscus marmoratus 1,462.2 2.2 17 0.5
Devil stinger Inimicus japonicus 1,415.5 2.2 9 0.3
Sharp-toothed eel Muraenesox cinereus 1,279.6 2.0 9 0.3
Black sea bream Acanthopagrus schlegelii 1,157.6 1.8 1 0.0
Red tongue sole Cynoglossus joyneri 1,100.4 1.7 29 0.8
Korean pomfret Pampus echinogaster 876.4 1.3 41 1.1
Flat head Platycephalus indicus 584.7 0.9 2 0.1
Blue whiting Sillago japonica 405.7 0.6 17 0.5
Largehead hairtail Trichiurus japonicus 266.1 0.4 14 0.4
Sea pike Sphyraena pinguis 197.6 0.3 2 0.1
Bicolorbarred weever Parapercis multifasciata 120.3 0.2 5 0.1
Verticalstripded cardinalfish Apogon lineatus 110.8 0.2 17 0.5
Red eelgoby Paratrypauchen microcephalus 89.8 0.1 7 0.2
Pinkgraygoby Amblychaeturichthys hexanema 88.8 0.1 12 0.3
Conger eel Conger myriaster 58.1 0.1 1 0.0
Rock fish Sebastes inermis 46.5 0.1 1 0.0
Gizzard shad Konosirus punctatus 452 0.1 1 0.0
Clouded blenny Phois nebulosa 442 0.1 2 0.1
Marbled flounder Pleuronectes yokohamae 31.9 0.0 1 0.0
White tipped mackerel scad Decapterus maruadsi 224 0.0 2 0.1
Grey stingfish Minous monodactylus 8.5 0.0 1 0.0
Gafftopsail goby Myersina filifer 75 0.0 1 0.0
Crustacea 19,037.6 291 2,180 60.7
Japanese mantis shrimp Oratosquilla oratoria 10,139.9 15.5 698 19.4
Two spot swimming crab Charybdis bimaculata 41753 6.4 997 27.7
Southern rough shrimp Trachysalambria curvirostris 3,579.3 55 470 131
Chinese white shrimp Fenneropenaeus chinensis 747.0 1.1 9 0.3
Swimming crab Portunus trituberculatus 216.0 0.3 2 0.1
Japanese swimming crab  Charybdis japonica 148.0 0.2 3 0.1
Kuruma shrimp Penaeus japonicus 321 0.0 0.0
Cephalopod 1,638.8 25 77 21
Long arm octopus Octopus minor 1,317.1 2.0 8 0.2
Japanese squid Loliolus japonica 242.9 0.4 68 1.9
Webfoot octopus Amphioctopus fangsiao 78.8 0.1 1 0.0
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1he(3.8%) = o8 Wekon, o 7o A4 = 37.2%0]
Q. 459 AR 2= A7) (Oratosquilla oratoria)
74101399 g (155%) 02 717 wokon], Exuo]n )|
(Charybdis bimaculata)7} 4,175.3 g (6.4%), 2 Trachys-
alambria curvirostris)7} 3,579.3 g (5.5%)%] ¢ 2 weromn,
Ao A B T o185 F 29.1%0] 81 7iAI4=<]
785, FAEto] HIEAIZE997mH (27.7%) = o729 $-3E 7N
Aok gekom, ZH7EA 6981k (19.4%), ZEAH-S- 470112
(13.1%) =22 7272 7HAl 4 vle2 60.7%= o] F it 3=
Al vebgtth £579 7-9-olli= SAI(Octopus minor)2] 2§ 4|
o] 1,317.1 g (2.0%), RH-YE5-7](Loligo japonica)®] 74|
i 68012](1.9%)2] 0.2 UEhgton], EEesl 2Aske
AA v&-2 WA G=eF AT 2H2F oF 29%0]

ggutol Al A ez of-gsko] AT A, HAtx|of
Z7)= Be oA Akl eH, 2 Aol gt duE
Table 30f| YeF ATt ol = A% Aol A 553m12(41.0%), A
AL 15,6852 ¢ (35.0%) 0.8 714 =0 B Uehyglo.
™, DAHO]A 208112](16.0%), AL 5,547.9 g (12.0%)
O 7 7P e S Ui gleh AR A% A ol A4 1,006
1}2](46.0%), BA S 7,300.6 g (38.0%) .8 =& B S 1}
Ebl o, DA A 162012](7.0%), A% 1,011.0 g (5.0%)
O 7 ke fas Btk 75 A olA 63112 (89.0%),
YA 1,465.6 g (82.0%) 2= 7H 7] UrebetaL B Aol A
o3& 2] ok L, SHFolHA FEoke] =2 Y olE
ol HR| 9 2271 O] APHEE S Fig. 3o Ui glet 45
ol ] A4 W 9l= 10.5 cm-24.2 cm& YERGITE Aol
A= 140mHe] 7} o] B =] gl o m, Ft A 14.7 cm= LR
o BA70) 4%, 970k} olslEiglon], B AL 140
emz UERte], CH Aol 1090}2]7} oj2lE|glo, Bt

2 . gk I .

o

2o} - o]
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Ao 4] A M= 10.5 em-17.0 cm®E UERgTth AR Ho
A= 41mke]7) of = glon, Hat A2 14.8 cm® e
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2 Ueht AN 7P W2 ARt =2 Ht A B
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ok, of 4= 1 §912] 2018 642 o3-S Lot 7| 9
aff 47112] A F ol Al AAIZE AT 2ALS] A o] gl o] TRk AF
s 7 AHEE Uehf It Table 4). -2 o5 ©]
23} oA 8= 7,685.8 mo| 1L, A3 H AL 61,486.4 m20]
AUtk F =T 66,728.9 go| 3l o, Bt AsHAT o]g
F2 4.3 gmo|qitt. Al e ARy A A 1.6 gm?
o7 7 wokon, g = B A 1.3 g/m?, CH 5ol A
0.9 g/m’, DA 0.5 g/m? =0 = Ve FaFRt Qo] A
Ao Wb Zokow, ofal| Hut wafis o Afo] upEEo
& UEr} o] = Aok Bl
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Table 3. The number of individuals (N) and weight (g) of taxon by stations in Gwangyang Bay on June 2018

Station Fish Crustacea Cephalopod

Individual (N) Composition (%) Individual (N) Composition (%) Individual (N) Composition (%)
A 553 41.0 1,006 46.0 63 89.0
B 373 28.0 495 23.0 - -
C 203 15.0 517 24.0 9 7.0
D 208 16.0 162 7.0 5 4.0
Total 1,337 100.0 2,180 100.0 77 100.0
Station Fish Crustacea Cephalopod

Weight (9) Composition (%) Weight (g) Composition (%) Weight (g) Composition (%)

A 15,685.2 35.0 7,300.6 38.0 1,465.6 82.0
B 12,519.0 28.0 6,427.0 34.0 - -
C 10,986.8 25.0 4,299.0 23.0 107.6 12.0
D 5,547.9 12.0 1,011.0 5.0 65.6 6.0
Total 44,738.9 100.0 19,037.6 100.0 1,638.8 100.0
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(a) Pennahia argentata

20 St. A St.B St.C St.D
- N=140 ind. N=97 ind. N=109 ind. N=58 ind.
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o
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(b) Larimichthys polyactis
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Fig. 3. The length frequency analysis of White croaker Pennahia argentata and Small yellow croaker Larimichthys polyactis has used a
shrimp beam trawl in Gwangyang Bay on June 2018. N, Number of individuals; Avg., Average total length (cm); SD, Standard deviation

(cm).

A E=& ol FHETF Uk of$af ARl DAY g
2 gafial Ftol A w2 ot =Tt YEbY S3FRAL
A3k, A 2APE o] Fo] 7] Htof| A ot R =F WA o
Efgtom, Ak 53t 02 o]jo] At wo] 7l Htol A W
2 ofto] FAESH= A O & LERT]

FAI SFRAF A A AIF G 2ALE AR E o EAtR
£ olgslo] 9ol FE it Ui ATE Table 59 e
o o172l Rl Bl o] Bt Wiee 9.8 g/mio] 9, 3

271 9.7 gm?o| it o172 Al HER] FA9] 7

1655.5 m*n.mile’2. 2 714 =7 Ueltow, Transect 104
1.3 m¥nmile’2 717 W& gho 2 velytth S3FRARe] d&
% 37 A7, 2,634 950 2 Ueh} AUZAE T SRRAR
B ool BAIBHE A& o 4 9lolk A B, C Yeinh
ok Qo] W A WS gk}l Ao o ElT
A2 o de-sol] ARt Jto] ol kAt B o] o
38 5131 9)7] wlELol k2 x| ofol] uls Alej 42 W o]
23} oj 57 2o} Sz A0z Pk,

Bt YEE 01 gnvolglon], 7le offe By wre 2 H
0.3 g/m?o] itk oap o e ol aslo] O el
ool AV Bt ol RSl MY Aol Y g olgyy BT RACNIlNRE gTel AT B A 3

B A%0} SPRAE Bl HEUNASC grozipe| ofgel AU A ARl RULA BT 98 g Ee
Y of ZAPAZ(13.2% 100 m?) & o] 8-5t0] Fout B0 & ﬁ’f;;];fj gm jiof}“q' 4 ZLT Z} . R
£ SN Table 6. DPoIA AN Sepmafm @ Aol BEFL 01 giwolgd ] 7} o3 03 girolsicy
o shoput z= Folo] WA A< ZS Transect 1590 A] (Table 5). H-2= f-2luhat S8, dall, Asll, 42 % ke,
Table 4. The density of catch per swept area by station in Gwangyang Bay on June 2018
Data Station Towing distance (m) Sweeping area (m?) Catch (g) Density (g/m?)

A 2,037.2 16,297.6 25,765.0 1.6

B 1,759.4 14,075.2 18,946.0 1.3
2018.06.30

C 2,037.2 16,297.6 15,393.4 0.9

D 1,852.0 14,816.0 6,624.5 0.5
Total 7,685.8 61,486.4 66,728.9 4.3
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BB Y7HA] xSk Ao R A QAL ARTA7] = iR
5-8¢ Alo] &2 &y A QltH(Chyung 1977; Cha and Park, 1994).
E3h, B Rloji} o] /s FollA Aol riHo R 12
dA o] A AR 15-23 cm, 3] 27 cm, 43 0] 29-30 cm7}
He Adow dA vk 2rle v Asfeh AT,
Adall, T ol FF ol ol sk, ARt 3-6
Yot} 3t Zx7]= 130 15 cm, 2W0] 24 cm, 3] 29
cm, 449 33 cm, 5 ¢) 35 cm=E A& Ao 2 e A Qi)
(KORDI, 1993). & Aol A ZHA ¥ of 7 -35¢1 HAtx| <t
2710 JAF 24 Ak, B3] = 24 10.5 cm, 2|t 24.2 cm
9] HYE Yyel %l e H(Fig. 3a), F27]+= 4 10.5 cm-17.0
cm@] W Z Yeldt Han et al. (1998)2] A3}, HA]= 3
G B 3ol Al 4-109 o]l AR = 3o, 64} 8H ol A
¥l B2 o] AR W Ql=7.5 cm-14.4 cmE R 15}tk Kwak
etal. (2012)2 H2]7} 20094 5]l 714 wo] o3 w9,
AAH Q= 6.4 cm-15.3 cmE E 115} Kim et al. (2018)
20164 o}221 0] Wtz Hat AAo] 169 cme 2 shgic),
£ A7, ool APE HA L iR 12040
FA N, 22 o o] 2 A} HESH A0 Ko} o
gk A} B 0 24 olg) Bigo] ARHEelzl Ak Al
w5 ele) RS oo, 27|19k WA B Hlojzt o5
o 48oR Bg st Ao AR,

UuA O ofFi FFHE Aol uhe} HojReh Aol
2 s 4 glom, HolFt 4950l 49 £E Wt
3, AFBZE SE AEE Q) spok AR Ao of
219) A3 AR} Gl Ao T2 B P WES +3
) oIR8 o sk 77} wrka B g Sick(Lee,
1989; 1991; 1993; 1996; Lee and Kim, 1992; Lee and Hwang,
1995). A9} F271 S Fbrtol MAISHE A olF
2 BP0 F0 o AR 4R, AR, 24, B2t
F A5 9 4F o]FE &4 ¥ 29(Cha and Park, 2001; Koh
etal, 2014), x7]= T2, dHITRIAYO| 7, -7 52 &
A Hil, o) FFollM= 279 A7YolwF, A 5= A4S,
E3E, o #1 ZA| 9] B = Ao Hrk 23} o] WAL, o4
o] &2 dfjoof EEsh= A o' A ItHKORDI, 1991).
2 Aol Al AlgE gefat =1 s o] Hot 4 20-30 m

Table 5. Mean density of dominant fishes in the acoustic survey
area of Gwangyang Bay

Mean density

Scientific name Conversion factor

(p, gm?)
Pennahia argentata 0.0256 9.8
Larimichthys polyactis 0.1206 9.7
Nuchequula nuchalis 0.0175 0.1
Etc. 0.0042 0.3
Total 0.1679 19.9
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Fig. 4. The spatio-temporal distribution of fish school in the acous-
tic survey in Gwangyang Bay on June 2018.

Table 6. Evaluation of density and biomass by survey line in the
acoustic survey of Gwangyang Bay

Transect June

n, NASC
Transect 1 2 1.3
Transect 2 4 115.3
Transect 3 3 201.0
Transect 4 2 57.3
Transect 5 4 379.7
Transect 6 7 605.6
Transect 7 10 87.0
Transect 8 3 1123.0
Transect 9 3 982.4
Transect 10 3 688.3
Transect 11 3 997.5
Transect 12 4 3215
Transect 13 4 1191.8
Transect 14 4 876.8
Transect 15 4 1655.5
gn/. 60
Weight mean NASC 618.9
Survey area (A, m?) 13.2x108
Estimated Biomass (B, ton) 2634.9
Coefficient of variation (%) 24

n, of 1 EDSU (elementary distance sampling unit); NASC, mean
value of the nautical area scattering coefficient along i-th transect.
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Fig. 5. The echogram sample of vertical distribution of acoustic survey in Gwangyang Bay on June 2018.
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